Introduction 27
The Ebro Basin, the northernmost semiarid region in Europe, is an area with high sensitivity to 28 environmental change that contains excellent morphosedimentary records in response to 29
Quaternary climate oscillations. The paleoenvironmental history of this area during the Late 30
Pleistocene and Holocene has been gradually reconstructed during the last decades from fluvial 31 (Fuller et This study aims to provide new data on prevailing environmental conditions during the Late 51
Pleistocene and Holocene times at a regional scale. The palaeoenvironmental interpretation is 52 based on geomorphological, sedimentological, palynological and chronological analyses from 53 morphosedimentary records in saline wetland areas near Zaragoza (Central Ebro Basin). 54
Study area 55
The study area is located near the Leciñena village (Zaragoza province) in the western sector of 56 the Los Monegros district (Central Ebro Basin) ( Figure 1 ). The elevation ranges between 460 m 57 and 350 m, and the climate is semiarid with strong seasonal contrasts and a high water deficit 58 during summer. The mean annual temperature is 14.5 ºC, and the mean annual precipitation is 59 400 mm. Saline wetlands (the Valsalada system) consist of two depressions (Siscal and  60 Valsalada) drained by the Arroyo Salado (Figures 1 and 2 ). 61
The bedrock lithology of this sector of the Tertiary Ebro Basin is composed mainly of nodular 62 and massive gypsum including clays, marls and sandstones (Zaragoza Formation). These 63 materials were deposited in extensive and shallow lacustrine systems with evaporitic 64 environments corresponding to the Miocene tectosedimentary unit UTS5 (Muñoz et al., 2002 (Figure 3a ). These geomorphic features are common on 73
Oligocene-Miocene gypsum formations outcropping in the Central Ebro Basin (Gutiérrez and  74 Gutiérrez, 1998). 75
The Valsalada saline wetlands (Figure 2 ) are fed by regional groundwater flows from Tertiary 76 bedrock. The low permeability of the bedrock favours a slow flux of water with a long residence 77 time (Sánchez et al., 2001 for mineralogy, pollen content, and radiocarbon analysis were made in selected outcrops exposed 94 in gully scarps. 95
The salt composition within the sediments was determined from mineralogical analysis of saline 96 efflorescences using powder X-ray diffraction (Phillips PW 1729 diffractometer). Pollen analysis 97 followed the standard procedure described by Moore et al. (1991) 
Lacustrine unit 122
The lacustrine sedimentary unit has mainly been recognised in small outcrops exposed by 123 incision of the Arroyo Salado (Figure 3b ). Only the upper portion (1 m thick) of this unit was 124 exposed (Figure 4 and 5a). It consists of an alternation of massive ochre and gray mudstones as 125 well as marls, which are arranged in centimetre-thick tabular beds with some plant remains and 126 lenticular gypsum crystals. These sediments indicate a lacustrine environment. The unit ends 127 with a 7 cm thick peaty tabular level, which may represent the final filling up of the lake ( Figure  128 5b Two radiocarbon dates were obtained from the peat level of this unit (Figure 5b ), providing ages 141 of 41,190±210 cal BP (sample VS-04) and 40,160±920 cal BP (sample VS-06) ( Table 1) . 142
Fluvial unit 143
The indicates that the hydrochemical features of the runoff that fed the alluvial system were similar to 163 the present groundwater discharge. 164
Radiocarbon dated charcoal samples are associated with fires ( Figure 5e ) that affect the 165 vegetation cover of the alluvial plain. These fires also burned the deposits just below the 166 charcoal level, which is indicated by the occurrence of red colouring in the fine sediments. 167
Samples taken at different sites of this unit have provided calibrated ages with 2 sigma 168 uncertainties of 12,550±150, 6290±70 and 3460±60 cal BP, in the Arroyo Salado alluvial infill, 169 and 14,360±220 cal BP in the Siscal lacustrine terrace (Table 1) . 170
A sample (BSC3) (Figure 4) corresponding to the fire level dated at 12,550±150 cal BP 171 (Younger Dryas event) was taken to determine pollen content. The number of pollen and spore 172 grains was not large enough to be statistically significant and, consequently, only qualitative 173 information rather than proportions can be derived from the identified taxa ( Figure 6 ). Seasonal hydrological fluctuations in the lake could probably be significant. 216
In this unit, the dominant arboreal pollen is Pinus nigra-sylvestris type (40%), which is currently 217 located at higher altitudes, indicating that temperatures would be cool or even cold. Salt crystallisation in the porous system of fluvial sediments indicates that hydrochemical 300 characteristics of the runoff were similar to the present-day characteristics. The Valsalada system 301 was likely fed by saline groundwater inputs rather than by runoff derived from the drainage area. 302
This may be interpreted in terms of low rainfall rates and a negative water balance under arid 303 conditions. In this hydrodynamic context, alluvial activity is characterised by very low 304 sedimentation rates, resulting in condensed but continuous stratigraphic sequences, as evidenced 305 by supplied chronological data ( Conifers and steppe pollen assemblages during the Younger Dryas, periodic wild fire remnants 362 and ubiquitous salt masses within the sediments are evidence of arid conditions. This alluvial 363 system is characterised by low sedimentation rates, giving rise to slow rate sedimentation-364 sequences fed by saline groundwater discharges in the karstic depressions of Valsalada. The 365 response of the Valsalada alluvial system is quite different from the observed response at a 366 regional scale and shows a low sensitivity to short-term (centennial-millennial) climatic changes. 367
Nevertheless it provides interesting punctual data to complete the available regional 368 paleoenvironmental information. The main factors driving the fluvial activity in the Valsalada 369 saline wetlands are proposed to include the geomorphic configuration of the system, which is 370 characterised by karstified gypsiferous bedrock, the small size of the catchment, and a low but 371 continuous saline groundwater discharge. This paper presents new data (geomorphlogical, sedimentological, palynological and radiocarbon data) from the Late Quaternary geological record of the Central Ebro Basin, which is the northernmost semiarid region in Europe. Our results indicate that the studied archives correspond to a sequence of depositional environments (lacustrine, fluvial and alluvial-slope) in a saline wetland system. The palaeoenvironmental information derived from these data substantially improves the incomplete regional palaeoclimatic record for northeast Spain Table 1 
